Vegetation of deciduous forests in the Štiavnické vrchy Mts (Central Slovakia) was studied using the standard Zürich-Montpellier approach. The numerical classification and ordination technique were applied to determine the main forest vegetation types and to find the responsible environmental drivers related to their distribution patterns, respectively. The data set including 198 relevés collected by authors in 1997-2009 and 185 relevés excerpted from literature was used to analysis. Numerical classification resulted in delimitation of fourteen vegetation types representing eleven associations with two variants and two communities within the Quercetea roboripetraeae and Querco-Fagetea classes. The major environmental gradients in variation of forest species composition were associated with moisture and nutrient content following the average Ellenberg indicator values. Along the moisture gradient, vegetation types were ordered from subxerophilous oak forests turn mesophilous mixed oak-hornbeam, beech and ravine forests to hygrophilous riparian alder forest. The results confirmed important role of soil nutrients and moisture by determination of forest vegetation in subcontinental part of Central Europe. Special attention was given to the discussion of floristical characteristics, site conditions and syntaxonomy.
INTRODUCTION
Forest ecosystems are the most important functional component of the Central European landscape, and they are essential for maintaining biological diversity. Spatial distribution and horizontal structure of forest vegetation are simultaneously influenced by a number of ecological and anthropogenic factors and their interactions. The different geology and soil properties, long-term development of vegetation, land-use history and the biogeographical position resulted in a mosaic of plant species and forest communities (e.g. Roo-Zielinska and Solon 1997; Aude and Lawesson 1998; Kolb and Diekmann 2004; Dambrine et al. 2007 ). Environmental and geographical gradients are therefore the main drivers of variation in floristic composition of temperate deciduous forests. In the last decade, this issue has been discussed in a number of botanical studies, especially those dealing with vegetation classification (e.g. Šamonil and Vrška 2008) . Because of the increasing threats to forests by a range of human activities, special attention was given to the impact of forest management and air pollution on the herbaceous layer (e.g. von Oheimb and Härdtle 2009). The above-mentioned works have enhanced our understanding of vegetation patterns in these ecological systems. The obtained knowledge should provide initial data for justifying suitable conservation management, integrated ecological landscape planning and also for the establishment of national vegetation surveys or checklists of plant communities (Pott 1992; Borhidi 2003; Matuszkiewicz 2007; Willner and Grabherr 2007; Jarolímek et al. 2008; Onyshchenko 2010) . In the territory of Slovakia, studies of these features are relatively limited, and focusing on selected vegetation types, i.e. alder-(Šomšák 2000), beech- (Ujházy et al. 2004; Ujházyová 2007) or dry-mesic oak forests (Roleček 2005 ).
Štiavnické vrchy Mts are generally considered as a very interesting Slovakian vegetation-landscape type with respect to their location in the transition zone between the Western Carpathian and Pannonian region. This forest vegetation consists of thermophilous as well as submontane (dealpine or praealpine) vascular plants, many of which belong to rare and endangered species (Hlavaček 1985) . Deciduous forests are among the most widespread vegetation types of region and their investigation according to the Braun-Blanquet approach has a long history in the Šti-avnické vrchy Mts (Mikyška 1929 (Mikyška , 1933 (Mikyška , 1939 Neuhäusl and Neuhäuslová-Novotná 1964) . Although some papers have been recently published (Balkovič 2002; Ciriaková and Hegedüšová-Kučerová 2003; Slezák and Kukla 2009; Slezák and Petrášová 2010) , syntaxonomy, ecology and vegetation diversity of these forests have been remained poorly known. Aim of this paper was: (i) to prepare a complex syntaxonomical revision of deciduous forest vegetation in the Štiavnické vrchy Mts as a result of numerical classification, and (ii) to find the major environmental gradients responsible for variation in their floristic composition.
MATERIAL AND METHODS

Study area
The research was carried out in the Štiavnické vrchy Mts (48°12´-48°35´N; 18°32´-19°05´E), which represent a clearly defined and homogenous geomorphologic unit in the central part of Slovakia (Fig. 1) . They occupy a geographic territory of approximately 800 km 2 , extending from the colline to the submontane belt. The studied area belongs to the typical volcanic mountains with a quite uniform geological substrate. The bedrock consists mainly of andesites and rhyolites with scattered occurrence of conglomerates and shales. A substantial part of the area has a moderately warm climate. The values of the long-term ) mean annual precipitation and air temperature are 771 mm and 7.7°C respectively, the mean air temperature in April-September is 14.0°C (climatic station Banská Štiavnica; Slovak Hydrometeorological Institute).
Vegetation sampling and phytosociological analysis
The base for the study and evaluation of forest communities in the Štiavnické vrchy Mts were the phytosociological data collected during the field research and the ones excerpted from Central Phytosociological Database of Slovakia (CDF, http://ibot.sav.sk/cdf/index.html; Hegedüšová 2007). All the phytosociological relevés were recorded according to the principles of the Zürich-Montpellier approach (Braun-Blanquet 1964) , frequently using the modified 9-degree Braun-Banquet's sampling scale (Barkman et al. 1964 ) and stored in a TURBOVEG database (Hennekens and Schaminée 2001) . The CDF relevés with size smaller than 250 m 2 have been deleted before the analysis. For numerical analysis, some taxonomically problematic species, which were not distinguished in several relevés, were classified within higher or broadly defined taxa and marked with abbreviation 'agg.': Achillea mille-folium agg. (incl. A. collina, A. millefolium, A. setacea (Tichý 2002) . The diagnostic species of the clusters were determined on the basis of the fidelity concept (Chytrý et al. 2002) and frequency (threshold values: Φ ≥ 0.25 and frequency ≥ 30) in the JUICE software. The size of all clusters was standardized to an equal size (Tichý and Chytrý 2006 ). Fisher's exact test (P < 0.001) was used to eliminate the fidelity value of species with a non-significant pattern of occurrence.
Detrended correspondence analysis (DCA) from the CANOCO 4.5 for Windows package (ter Braak and Šmi-lauer 2002) was applied for the ecological interpretation of the main gradients in the studied forest vegetation units. Average Ellenberg indicator values (Ellenberg et al. 1992) and Shannon-Wiener diversity index for relevés were plotted onto a DCA ordination diagram as supplementary variables. The significance of differences in Ellenberg indicator values among the clusters was tested with one-way ANOVA and post-hoc Duncan test. The STATISTICA software (STATSOFT INC. 2006 ) was used for multiple comparisons and construction of Box and Whisker plots. Altitude and aspect of the vegetation plots were measured by Garmin GPSmap 60 CSx equipment (WGS-84 system). The environmental characteristics of individual vegetation types (clusters) are in accordance with methodological and result parts of earlier studies (Slezák and Kukla 2009; Slezák and Petrášová 2010) . The nomenclature follows Marhold and Hindák (1998) for vascular plants. The names of syntaxa have been unified according to Jarolímek et al. (2008) .
RESULTS
Phytosociological and ecological characteristics of forest communities
According to the syntaxonomical interpretation and description given below, the fourteen floristically differentiated vegetation units can be assigned to two classes of Quercetea robori-petraeae and Querco-Fagetea (Fig. 2 , Tables 1 and 2 2  29  3  32  4  17  5  19  6  40  7  12  8  50  9  22  10  32  11  36  12  13  13  22  14  33 close relation to the Pannonian oak-hornbeam forests on eutrophic soils (Primulo veris-Carpinetum association).
Cluster 3: Melico uniflorae-Quercetum petraeae The mixed oak-hornbeam forests are formed by Quercus petraea agg. in the tree layer, less often also by Carpinus betulus and Q. cerris. They grow on gentle slopes with warmer and drier microclimate. The shrub layer with low coverage is usually well developed. The species composition of the herb layer changes depending on the site conditions (nutrient availability and soil moisture), but the prevailing species are mostly the diagnostic taxa of the Carpinion betuli alliance and the Fagetalia order (Melica uniflora, Lathyrus vernus, Glechoma hirsuta, Galium schultesii, Alliaria petiolata, Veronica chamaedrys, Geum urbanum, Clinopodium vulgare, Stellaria holostea, Moehringia trinervia, Campanula rapunculoides) . This floristically medium-rich community represents the transition types to subxerophilous oak forests.
Cluster 4: Rubus hirtus agg.-Quercus petraea agg. community
The community includes broad-leaved mesophilous forests with dominance of Rubus hirtus agg. Distribution is concentrated on flat areas and gentle slopes. The tree layer is created by Quercus petraea agg., primary accompanied by Carpinus betulus and Fagus sylvatica, locally by Abies alba. The shrub layer is usually represented by the dominant Corylus avellana. The herb layer displays a significant number of species with affinities to mesic habitats (Ajuga reptans, Carex digitata, C. pilosa, C. sylvatica, Fragaria vesca, Geranium robertianum, Mycelis muralis, Oxalis acetosella, Senecio nemorensis agg., Viola reichenbachiana). The ferns enrich the floristic spectrum, but species of Fagion sylvaticae alliance can also be found. A higher frequency of nutrient-demanding species supports a classification of these forests within the Carpinion betuli alliance. Legend: Cluster number 1 -Carici pilosae-Carpinetum var. typicum, 2 -Carici pilosae-Carpinetum var. Poa nemoralis, 3 -Melico uniflorae-Quercetum, 4 -Rubus hirtus agg.-Quercus petraea agg. community, 5 -Aceri-Carpinetum, 6 -Dentario bulbiferae-Fagetum, 7 -Dryopteris filix-mas-Abies alba community, 8 -Cariei pilosae-Fagetum, 9 -Stellario-Alnetum glutinosae, 10 -Festuco heterophyllae-Quercetum, 11 -Poo nemoralis-Quercetum dalechampii, 12 -Poo scabrae-Quercetum, 13 -Luzulo nemorosae-Fagetum, 14 -Luzulo albidae-Quercetum petraeae.
Cluster 5: Aceri-Carpinetum
The thermophilous maple-hornbeam ravine and slopes forests occupying stony slopes or screes are characterised by a considerable species diversity of the tree layer. The mesophilous tree species (Carpinus betulus, Tilia cordata, Acer pseudoplatanus and Fagus sylvatica) prevail, whereas Fraxinus excelsior and Acer platanoides are individually admixed. Due to debris on surface, the shrub layer is weakly developed. A peculiar feature of the herb layer is a high proportion of nitrophilous species indicating favourable humification (e.g. Galeobdolon luteum agg., Mercurialis perennis, Glechoma hirsuta, Alliaria petiolata, Geranium robertianum). Species of the Fagetalia order such as Galium odoratum, Viola reichenbachiana, Dentaria bulbifera, Mycelis muralis and Dryopteris filix-mas are also present.
The percentage cover of the grasses Melica uniflora and M. nutans is generally low.
Cluster 6: Dentario bulbiferae-Fagetum
The mesotrophic closed canopy beech communities occurring on gentle slopes with deep siliceous soils are Vol. 80, No. 2: 115-127, 2011 121 ACTA SOCIETATIS BOTANICORUM POLONIAE Black circles (cluster 1), grey diamonds (cluster 2), white up-triangles (cluster 3), black down-triangles (cluster 4), grey circles (cluster 5), black diamonds (cluster 6), grey up-triangles (cluster 7), white down-triangles (cluster 8), white circles (cluster 9), white diamonds (cluster 10), black right-triangles (cluster 11), black left-triangles (cluster 12), stars (cluster 13), grey left-triangles (cluster 14). For the explanation of cluster numbers see Cluster 7: Dryopteris filix-mas-Abies alba community These stands mostly occur on the sites of natural beech forests that occupy the northern slopes. The recent tree species composition is markedly affected by human activities as exploitation of biomass and the following introduction of coniferous trees. The tree layer is built up of Abies alba with scattered occurrence of Fagus sylvatica and Picea abies. The nutrient-demanding species and flora elements of Cluster 12: Poo scabrae-Quercetum
The thermophilous opened canopy oak forests with Poa pannonica subsp. scabra inhabit small stands particularly on south-facing slopes in the colline belt. The tree layer is created by Quercus cerris and Q. petraea agg., while Ligustrum vulgare frequently appears in the shrub layer.
The heliophytes and acidophytes (e.g. Pilosella bauhinii, Poa angustifolia, P. nemoralis, Veronica officinalis) are typical components of herb layer. The floristic spectrum includes generalists of dry grasslands as well as forest fringes (e.g. Tithymalus cyparissias, Festuca rupicola, F. valesiaca agg., Galium verum, Poa compressa, Teucrium chamaedrys). The abundant group of mesophilous species may enter to the communities on the contact zone with the Carpinion betuli vegetation. The centre of distribution of this species-rich community is in the warmest margins of region.
Cluster 13: Luzulo nemorosae-Fagetum
The acidophilous beech forests comprise species-poor stands lying on temperate slopes especially in the submontane belt. They are characterized by dominance of Fagus sylvatica with constant admixture of Quercus petraea agg.
Other woody species such as Carpinus betulus and Abies alba are only accompanying. The occasionally developed shrub layer is made up only with younger individuals of trees. The association is floristically well differentiated within the Fagetalia order through the presence of some oligotrophic elements (Hieracium murorum, Luzula luzuloides, Polypodium vulgare, Vaccinium myrtillus, Veronica officinalis).
Cluster 14: Luzulo albidae-Quercetum petraeae
The relatively species poor acidophilous oak forests are characterised by the simple vertical structure, the regular occurrence of oligotrophic flora elements and the admixture of thermophilous species. The tree layer is usually composed of Quercus petraea agg., sometimes accompanied by Carpinus betulus. The grassy physiognomy of herb layer results from predominance of Luzula luzuloides, Avenella flexuosa and Calamagrostis arundinacea. Stands are confined to small patches, primarily at the ridge parts and convex spots on the shallow soils. Ordination
The scatter plot of DCA, based on individual relevés, shows the distribution of particular vegetation types along the first and second ordination axis. DCA revealed that ten of the fourteen forest vegetation types can be differentiated along the first two ordination axes (Fig. 3) . The main compositional gradient along the 1st axis can be explained by positive correlation of the moisture and nutrient; the negative correlations are ordered along the second axis with respect to soil reaction and temperature. Distribution of relevés in the ordination space shows a continuous ecological transition among the associations. The right part of the scatter-plot is occupied by relevés of the Stellario-Alnetum glutinosae, which occur in the nutrient-rich soils along streams with intense impact of human activities. Duo to their specific ecological conditions such as presence of wet soils together with numerous hygrophilous and nitrophilous species, they are best distinguished within the presented vegetation types. Vegetation plots of the Luzulo albidaeQuercetum petraeae are situated on the opposite end of the ordination diagram. The stands are developed on shallow acidic soils with low nutrient content, and their relation to warmer places of southern slopes with more arid microclimate is marked. Acidophilous beech forests (Luzulo nemorosae-Fagetum) dominate the left upper part of the ordination space, being well differentiated from the Luzulo albidae-Quercetum petraeae, which occurs on the mineral poor soils of the northern slopes in the submontane belt. The thermophilous open dry oak forests (Poo scabraeQuercetum) have the highest requirements of the light conditions. The central part of the scatter-plot is occupied by the Carici pilosae-Carpinetum, partially by Rubus hirtus agg.-Quercus petraea agg. community and the Carici pilosae-Fagetum. Appearance of common oak-hornbeam and beech forest species (e.g. Carex pilosa) is associated with the above-mentioned communities. Similar relationship of these forests to the first two axes is conditioned by their ecological valence. The Melico uniflorae-Quercetum petraeae has a transitional position between mesophilous sedge oak-hornbeam forest and subxerophilous oak forest. This pattern is also reflected in the accepted syntaxonomical classification. The Dryopteris filix-mas-Abies alba community belonging to the Fagion sylvaticae alliance is remarkable different, more oceanic and linked to colder places. The relevés of the Aceri-Carpinetum are positively correlated with nutrient and moisture; these edaphically conditioned ravine forests are typical for sites in lower-altitudinal areas.
Relationships between the defined associations with individual environmental factors are illustrated in figure 4. The Ellenberg indicator values for moisture are significantly different among the groups of forest stands. The riparian alder forests of Stellario-Alnetum glutinosae (cluster 9) display conspicuous relation on moist and nutrient-rich sites, while Poo scabrae-Quercetum (cluster 12) and Luzulo albidae-Quercetum petraeae (cluster 14) prefer most xeric habitats. Furthermore, the above-mentioned oak forests also exhibit highest light requirements. Luzulo nemorosae-Fagetum (cluster 13) includes forest stands with the most acidic soil reaction.
DISCUSSION AND CONCLUSION
The deciduous forests represent the prevailing natural vegetation of temperate and submediterranean Europe (Willner et al. 2009 ). In Slovakia the Querco-Fagetea class is divided into nine alliances containing hygrophilous, mesophilous and (sub)xerophilous forest communities (Jarolímek et al. 2008 ). There is a high similarity between the national syntaxonomical concept and the structure of forest vegetation classification of Štiavnické vrchy Mts. Thermophilous oak communities related to loess and limestone (Quercion pubescenti-petraeae) or less typically to other basic rock (Quercion petraeae; Aceri tatarici-Quercion) are the only ones missing in the presented area. Acidophilous oak forests are represented with the Luzulo albidae-Quercetum petraeae association (Quercetea roboripetraeae class). Although the dominant Luzula luzuloides is the common oligotrophic forest species, vegetation of the Luzulo albidae-Quercetum petraeae is, in terms of the national classification, relatively rare. A possible explanation lies in (i) the general distribution of acidophilous oak woodlands that are less abundant eastward the Central Europe (Härdtle 2004) and (ii) the transformation of its stands to pine or larch plantations (Moravec 1998) . Moreover, the lack of suitable habitats was also emphasized in the geobotanical map of Slovakia (Michalko et al. 1986) , where this distinctive community of acidic substrates with an extremely low nutrient supply was not mentioned. Outside the Slovakia this community is often reported under different names. The original description of this community is from the western part of Czech Republic (Hilitzer 1932), but it has been recorded in various European countries (Pallas 1996) . The acidophilous oak forests of Genisto germanicae-Quercion alliance are broadly considered to be not sufficiently known vegetation type in the territory of Slovakia. Communities classified within this alliance require syntaxonomical revision in the future. Likewise the previous community, the contemporary phytosociological data of the Stellario-Alnetum glutinosae are becoming more rare. This status is apparently caused by a large-scale reduction of habitats resulting from the direct or indirect influence of human activities, such as stream regulation and drainage. Up to now, these forests with fluctuating groundwater level were noticed mainly from lowlands and uplands of southern part of Slovakia (Záhorská nížina lowland, Malé Karpaty Mts, Krupinská vrchovina and Cerová vrchovina uplands, Muránska planina plateau), less often from basins and lower mountains, including Volovské vrchy, Vihorlatské vrchy and Zemplínske vrchy Mts (Mikyška 1939; Kárpáti et al. 1963; Miadok 1978) .
The oak-hornbeam forests of the Carpinion betuli alliance belong to the important elements of the Carpathian vegetation. They have been intensively discussed because of their geographical and ecological differentiation (Neuhäuslová-Novotná 1964; Neuhäusl 1977; Knollová and Chytrý 2004) . Several stands of these mesic broadleaved forests are autochthonous, but many others are developed on natural beech-and partially on oak habitats (Ellenberg 1982) . The distribution centre of the Carpinion betuli communities is located in lower-altitudinal areas with subcontinental climate. These conditions are typical for many parts of Slovak volcanic mountains. The most frequently dominating community is the Carici pilosaeCarpinetum that was described as an association for the first time from Štiavnické vrchy Mts by Neuhäusl and Neuhäuslová-Novotná (1964) . The geographical range of this association comprises Slovakia, the adjacent parts of the Czech Republic (Moravia region), Austria, Hungary, Poland, Ukraine, and Romania (Moravec et al. 2000; Willner and Grabherr 2007; Onyshchenko 2010) . Due to the small number of available relevés and their relatively large variability in species composition, it was not possible to distinguish the community Primulo veris-Carpinetum reported by Neuhäusl and Neuhäuslová (1964) from southern foothills of Štiavnické vrchy Mts and occurring also in other parts of the Pannonian region (chiefly uplands of Danube basin). The oak-hornbeam forests of Festuco heterophyllae-Quercetum with transitional character between the Carpinion betuli and Quercion petraeae alliances are less frequent.
There are several studies devoted to floristic differentiation patterns of central European beech forests (Klika 1936; Matuszkiewicz and Matuszkiewicz 1973; Moravec 1985 Moravec , 1999 Matuszkiewicz 2000; Willner 2002; Boublík et al. 2007; Ujházyová 2007) . If the markedly wide ecological amplitude of Fagus sylvatica and its high competitive ability are taken into account (Leuschner et al. 2006) , the beech forest vegetation undoubtedly belongs to the most extended group of forest communities in the Western Carpathians. Except the acidophilous beech forests, these vegetation types represent stands of mesotrophic to eutrophic, more humid and cold habitats in comparison with the Carpinion betuli communities. In the studied area they were assigned to two alliances: the forests of the Fagion sylvaticae contain mainly nutrient-demanding species and are developed on mineral-rich soils with mull form of humus, while the forests of the Luzulo-Fagion are distributed on acidic soils with occurrence of typically oligotrophic species. The mesotrophic communities of the Carici pilosae-Fagetum and Dentario bulbiferae-Fagetum are floristically relatively difficult to distinguish from other Central European beech associations. The findings of the present study are in accordance with previous observations (Moravec et al. 2000; Ujházy et al. 2004) , that the diagnostic species of other beech forest vegetation types were absent. Both these communities were recorded by numerous phytosociological relevés, and they are generally regarded as the most common and widespread associations of the Eu-Fagenion suballiance in Slovakia. Natural beech forests were strongly exploited in the last centuries and their species composition was partially altered by the introduction of coniferous trees (Härdtle et al. 2005) . Stands with prevailing Abies alba in the tree layer (Dryopteris filix-mas-Abies alba community; cluster 7, Table 1 ) occupy gentle slopes with north aspect at altitudes between 550-900 m. The herb layer is species-poor, elements of mountain flora are absent and acidic-tolerant species are scattered. Additionally to the herbs of nutrient-rich soils (Mercurialis perennis, Geranium robertianum, Cardamine impatiens), the group of beech forest species (Galium odoratum, Senecio nemorensis agg., Dryopteris filix-mas) reflects position of these forests within the Fagion sylvaticae alliance.
The distribution of Fagus sylvatica is primarily limited by longer drought periods, but it is also sensitive to late spring frosts (Bolte et al. 2007 ). The low soil water availability determinates its occurrence along the moisture gradient. Owing to physiological drought stress, Fagus sylvatica is substituted by more drought-tolerant tree species (Q. cerris, Q. pubescens, Q. petraea agg.) in colline belt. As a consequence, drier habitats with stony soils are covered by subxerophilous and thermophilous forest communities. In the case of Štiavnické vrchy Mts, they can be found as part of the canopy-opened oak forests, namely the Poo nemoralis-Quercetum dalechampii and Poo scabrae-Quercetum associations. Within the range of these two communities, the stands of the Poo nemoralis-Quercetum dalechampii are more mesophilous and often concentrated in relatively high-altitudinal areas (400-775 m a.s.l.). In total, Carpathian subendemic tall grass Poa pannonica subsp. scabra grows on sunny and stony slopes in some types of forest and grassland vegetation. It largely occurs on southern fringes of the Western Carpathians (e.g. Pohronský Inovec, Kremnické vrchy, Štiavnické vrchy, Javorie Mts, Slovenský kras karst), in the northern part of the Hungarian Central Range as well as in Ukraine and Romania (Kliment 1999) . For the territory of Slovakia, all available phytosociological relevés of Poo scabrae-Quercetum have been collected only within the Central Slovak volcanic mountains (Krupinská vrchovina upland and Štiavnické vrchy Mts). This peculiar community is surrounded by forests of the Festuco heterophyllae-Quercetum or Quercetum petraeae-cerris associations on mineral-rich and deep soils (Neuhäusl and Neuhäuslová 1964; Roleček 2005) .
Vegetation-environmental patterns of deciduous forest are evidently scale dependent across the subcontinental part of Central Europe. Environmental variables connected with different soil and light conditions are generally significant in the determination of forest vegetation distribution at local level, whereas geographical and/or climatic gradient has a decisive role at large-scale (Ellenberg 1982; Knollová and Chytrý 2004) . The results of DCA analysis supported that both moisture and soil nutrient are among the most important gradients affecting floristic composition in the study area. Significant influence of soil water supply and available nutrients on species composition of forest vegetation has been already published (e.g. Douda 2008; Leuschner and Lendzion 2009; Slezák and Petrášová 2010) .
The mountain units situated on the boundary between the Carpathian and Pannonian region represent regional diversity hotspots of flora elements and plant communities. The present study underscores variability of forest vegetation in the Štiavnické vrchy Mts. Ecological range of recorded vegetation units is expressed with their assignment to the Quercetea robori-petraeae and Querco-Fagetea classes. Floristic differentiation of deciduous forests is simultaneously controlled by soil moisture and nutrient availability.
